In many studies sex related genes have been found to evolve rapidly. We therefore expect plant pollen genes to evolve faster than sporophytic genes. In addition, pollen genes are expressed as haploids which can itself facilitate rapid evolution because recessive advantageous and deleterious alleles are not masked by dominant alleles. However, this mechanism is less straightforward to apply in the model plant species Arabidopsis thaliana. For 1 million years A.thaliana has been self-compatible, a life history switch that has caused: a reduction in pollen competition, increased homozygosity and a dilution of masking in diploid expressed, sporophytic genes. In this study we have investigated the relative strength of selection on pollen genes compared to sporophytic genes in A. thaliana. We present two major findings: 1) before becoming self-compatible positive selection was stronger on pollen genes than sporophytic genes for A. thaliana; 2) current polymorphism data indicate selection is weaker on pollen genes compared to sporophytic genes. These results indicate that since A. thaliana has become self-compatible, selection on pollen genes has become more relaxed. This has led to higher polymorphism levels and a higher build-up of deleterious mutations in pollen genes compared to sporophytic genes. A faster evolution of reproductive genes compared to somatic genes has been documented for a wide range 2 of taxa, including primates, rodents, mollusks, insects and fungi (Turner and Hoekstra, 2008; Swanson 3 and Vacquier, 2002). The faster evolution is often observable in a higher number of non-synonymous 4 nucleotide substitutions (base changes which alter the amino acid sequence of a protein) within the 5 coding regions of orthologues. In most cases stronger positive selection is described as the mechanism 6 driving the divergence of these genes, generally due to some form of sexual selection like cryptic female 7 choice or sperm competition. 8 Two studies on the strength of selection on reproductive and non-reproductive genes in Arabidopsis 9 thaliana presented somewhat conflicting findings (Szövényi et al., 2013; Gossmann et al., 2013). Szövényi 10 et al. (2013) showed that the rate of protein evolution, measured in terms of dN/dS (ratio of non-11 synonymous to synonymous per site substitution rates), between Arabidopsis thaliana and A. lyrata of 12 pollen-specific genes was significantly higher than for sporophyte-specific genes (Szövényi et al., 2013).
Introduction
using the codeml program within the PAML package (Yang, 2007) . The protocol described in Szövényi
Putatively deleterious alleles
To quantify the frequency of deleterious mutations for each gene, the occurrence of premature stop codons and frameshifts was calculated for each gene locus across all 268 strains compared to the reference Figure 5 : ANCOVA analysis with PC1 (6 genomic variables) as continuous variable reveals both higher π n (a) and higher θ n (b) among pollen-specific (dark grey points and dashed line) than sporophyte-specific genes (light grey points and solid line). Figure 13 : ANCOVAS comparing the frequency of stop codon mutations (a) and frameshift mutations (b) within pollen-limited genes (yellow points and dashed line) to tissue-specific, sporophytic genes (green points and solid line) while controlling for the first PC of a PCR. .79 x 10 5 0.137 2 1.00 x 10 5 0.071 3 1.72 x 10 5 0.315 4 8.54 x 10 4 0.267 5 2.31 x 10 5 0.241 .7 x 10 −5 1.4 x 10 −9 1.6 x 10 −6 0.050 non-significant < 20% 20% -40% 40% -60% 60% -80% > 80%
Pollen 1.0x10 −3 (1.7x10 −3 ) 1.1x10 −3 (1.7x10 −3 ) 1.1x10 −3 (1.7x10 −3 ) 1.1x10 −3 (1.6x10 −3 ) 8.4x10 −4 (1.5x10 −3 ) Sporophyte 1.0x10 −3 (1.7x10 −3 ) 8.6x10 −4 (1.4x10 −3 ) 7.2x10 −4 (1.2x10 −3 ) 6.7x10 −4 (1.1x10 −3 ) 6.0x10 −4 (1.0x10 −3 ) p ns 1.1x10 −3 1.1x10 −8 5.8x10 −6 1.0x10 −5 < 20% 20% -40% 40% -60% 60% -80% > 80%
Pollen 0.028 (0.113) 0.011 (0.111) 0.004 (0.056) 0 (0.033) 0 (0.015) Sporophyte 0.015 (0.106) 0.004 (0.063) 0 (0.045) 0 (0.022) 0 (0.006) p non significant 5.7 x 10 −6 1.1 x 10 −5 6.3 x 10 −8 8.3 x 10 −11 Table 9 : Differences in 6 genomic variables between pollen-specific genes and genes limited to one of three sporophytic tissues. Values are means ± standard error of the mean; significance was tested with Mann Whitney U test; p-values are Bonferroni corrected for multiple testing.
